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The potassium salt of l-hydroxy-? -azabenzotriazole
can be used along with acid chlorides of 9-
fluorenylmethyloxycarbonylamino acids as coupling
agents in peptide bond formation. The acylation reac-
tions are rapid and efficient and can be carried out in an
organic medium. The yields as well as purity of the
peptides are satisfactory.
Ever since l-hydroxybenzotriazole.(HOBt) was
suggested as a peptide coupling additive by Konig
et al. I, most common methods for peptide bond
formation are carried out in its presence. It is used
either in combination with a carbodiimide
[dicyclohexylcarbodiimide (DCC) or N,N-
diisopropylcarbodiimide (DIPCDI) or I-ethyl-3-
(3' -(dimethyl amino )propyl)-carbodiimide (EDC)]
or another coupling agent (active esters such as
2,4,5-trichlorophenyl or pentachlorophenyl or
pentafluorophenyl or O-nitrophenyl ester) or built
into a stand alone reagent [such as
I-benzotriazolyloxytris( dimethylamino) phos-
phonium- hexafluorophosphate (BOP), or benzo-
triazole-I-yloxytris(pyrrolidino )phosphonium hex-
afluorophosphate] or as an analogous uronium salt
[O-(benzotriazol-l-yl)-l, 1,3,3-tetramethyluronium
hexafluoro phosphate, HBTU]. Such additives are
known to inhibit several side reactions and reduce
racemization.
Recently, Carpino ' suggested the use of 1-
hydroxy-7-azabenzotriazole (HOAt) in place of the
auxiliary nucleophile HOBt. It is described as a
more efficient additive which speeds up coupling
processes and reduces the loss of chiral integrity. It
incorporates within a single molecule, both key






amine which is of greater catalytic effect than
HOBt itself in couplings involving active ester '.
Similar to HOBt, the use of HOAt could be gov-
erned by the formation or reactivity of an active
ester intermediate. It was used along with EDC
during coupling of Z- or BzI-PhglD-PhglPhe-
ValNal with Val/Ala-OMe.HCl or Val/Ala-OMe
in dimethylformamidef. It enhanced coupling
yields in solution by about 6-32 times. Similar en-
hanced reactivity was shown by uronium salt
[HATU, 0-(7-azabenzotriazol-I-yl)-l, l, 1,3-tetra-
methyluronium hexafluorophosphate] compared to
its HOBt analogue HB11.t.
Later, Carpino and co-workers ' demonstrated
the superiority of HOAt and its corresponding
uronium {HATU, HAPyU [0-(7-azabenzotriazol-
l-yl)-l, 1,3,3-bis(tetramethylene)uronium hex-
afluorophosphate], HAPipU [0-(7 -azaben-
zotriazol-l-yl)-l, 1,3,3- bis (pentamethylene)
uronium hexafluoropbosphate], HAMDU [0-(7-
azabenzotriazol-l-yl) - 1,3-dimethyl-l ,3-dimethy-
leneuronium hexafluorophosphate] or HAMTU
[0- (7-azabenzotriazol-I-yl) -1 ,3-dimethyl-I ,3-tri-
methyleneuronium hexa- fluorophosphate]} and
phosphonium {AOP[7-azabenzotriazol-l-yloxytris-
(dimethylamino )phosphonium hexafluorophos-
phate] or PyAOP [7-azabenzotriazol-l-yloxytris
(pyrrolidino )-phosphonium hexafluorophosphate]}
salts to their benzotriazole analogues {HBTU, Py-
BOP [benzotriazol-I-yloxytris (pyrrolidino) phos-
phonium hexafluorophosphate] or PyBrOP
[bromoxtris (pyrrolidino) phosphonium hex-
afluorophosphate] in solid phase peptide synthe-
sis, thereby making possible the automated synthe-
sis of peptides containing hindered amino acids.
Thus, several syntheses of fragment 65-74 (Val-
Gln-Ala-Ala-Ile-Asp-Tyr-Ile-Asn-Gly-NH2) of the
acyl carrier protein were made. Polyethylene gly-
col-polystyrene (PEG-PS)-resin containing a pep-
tide amide linker derived from 5-[4-(Fmoc)-
aminomethyl-3,5-dimethoxyphenoxy]valeric acid
(PAL) was used as a solid support along with a
continuous-flow Millipore 9050 plus synthesizer.
Based on the model studies involving the 2 hr
couplings of Fmoc-Phe-Ser(OBut)-OH onto H-Pro-
PAL-PEG-PS-resin, Carpino et al.6, also demon-
strated that HOAt, HATU, HAPyU, AOP are more
effective in avoiding racemization in solid phase
peptide segment coupling process than their ben-
zotriazole analogues. .
Acylation reactions using acid chlorides require
a basic reaction environment. Either the conditions
similar to Schotten-Baumann type reactions or
nonaqueous media with an additional mole of an
amino acid ester or an organic base has been em-
ployed 7• Otherwise, the condensation reactions
used to be incomplete. In this preliminary commu-
nication, the use of potassium salt of I-hydroxy-7-
azabenzotriazole (KOAt) instead of potassium salt
of l-hydroxybenzotriazolef (KOBt) is described. It
is found that condensation of acid chlorides of 9-
fluorenylmethyloxycarbonylamino acids9,10 can be
conveniently carried out in the presence of KOAt.
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No additional base need be added. In addition, an
organic solvent can be used as the solvent medium
instead of biphasic system containing water. The
physical data of the various dipeptide esters pre-
pared by this procedure are given in Table L A
typical coupling is given in experimental proce-
dure. The C-methylene doublets and the methyl
ester singlets of IH NMR spectra II of the protected
diastereomeric peptides, Fmoc-L-Phg-L-Phe-OMe
[8 3.17 (d, CHCH2C6H5), 3.64 (s,OCH3)] and
Fmoc-D-Phg-L-Phe-OMe [8 2.98 (d,
CHCH2C6H5), 3.73 (s, OCH3)] prepared by this
procedure clearly demonstrate that the coupling
reactions mediated by KOAt are free from racemi-
zation. The application of this methodology has
since been extended to the synthesis of [3-
casomorphin and these results will be published
later.
Table I----Protected peptide esters
C37HJ8N,Os 75.12 6.51 4.66
(75.25 6.4 4.74)
C,.H28N,Os 72.00 5.60 6.10
(71.18 5.92 5.92)
C,.H3oN,Os 72.10 6.07 5.81
(7\.60 6.17 5.76)
C3oH32N,OS 72.12 6.51 5.50
(72.00 6.40 5.60)
- 12° C,6H32N,OS 64.43 6.63 5.79
(c I, EtOH) (64.46 6.61 5.78)
+ 24° C33H3oN,Os 74.13 5.64 5.21
(c I, CH,Ci,) (74.16 5.61 5.24)
+ 24° CnH3oN,Os 74.19 5.59 5.22
(c I,CH,Ci,) (74.16 5.61 5.24)
- 32° C,sH~,Os 68.42 6.88 6.41
(c 0.5, DMF) (68.49 6.84 6.39)
+ 56° C,7H,~,Os 70.71 5.69 6.06
(c 0.5, MeOH) (70.74 5.67 6.11)
• A = chloroform - methanol (9: I); ##8 = chloroform - methanol - acetic acid (40:2: I); amino acid used, except Gly & Aib are of L-
configuration, unless otherwise specified. Phg stands for phenylglycine




Fmoc-Phe-Leu-OBzl 86 155-57 0.80
2 Fmoc-Aib-Gly-OBzl 87 126-27 0.85
3 Fmoc- Val-Gly-OBzl 88 184-86 0.80
4 Fmoc-Aib-Aib-OBzl 82 133-35 0.76
5 Fmoc-Met- Val-OMe 71 90-92 0.94





8 79 111-13 0.93
9 Fmoc-Phg-Gly-OEt 70 181-83 0.83
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Conclusions
Racemization-free, rapid and efficient coupling
reactions can be accomplished in a single organic
phase using Fmoc-amino acid chloridelKOAt. The
reaction is carried out in a single phase and there-
fore the scale-up as well as the working-up of the
products are simple. The yield (70 to 88%) as well
as purity of the final peptide are satisfactory.
The advantages of KOAt over KOBt for the
synthesis of peptides enriched with hindered amino
acids such as a-aminoisobutyric acid (Aib) and its
use in solid phase peptide synthesis are being
demonstrated. Further, the utility of Fmoc pro-
tected peptide acid chlorides in segment coupling
is being explored.
Experimental Section
KOAt. HOAt (1.36 g, 10 mmoles) was added to
an aqueous methanolic solution (6 mL) of potas-
sium carbonate (0.7 g, 5 mmoles). After the evolu-
tion of CO2 gas ceased, the solution was evapo-
rated to dryness in vacuo to get crystalline sr+id. It
was recrystallised from hot methanol-ether, yield
1.65 g (96%).
Fmoc-amino acid chlorides: General proce-
dure. To the Fmoc-amino acid (1 mmole) s~-
pended in 5 mL of CH2C12, 1 mL of SOC12 was
added and the mixture stirred for about 24 hr at
room temperature under dry conditions. Evapora-
tion in vacuo followed by addition of CH2Cl2 and
re-evaporation 2-3 times gave an oil or a solid free
of excess SOCI2. The residue was dissolved in lit-
tle ether or CH2Cl2 and hexane was added. The
resulting crystals were filtered (yield 85-90%) and
dried.
Coupling of Fmoc-amino acid chloride with
amino acid ester salt in the presence of KOAt :
General Procedure. To a solution of an amino
acid ester hydrochloride (1 mmole) and KOAt (1
mmole) in CH2Cl2 (3 mL) was added a solution of
Fmoc-amino acid chloride (1 mmole) treated with
KOAt (1 mmole) in CH2C12 (3 ml.), and the reac-
tion mixture stirred for 2-5 min at room tempera-
ture. The completion of the reaction was monitored
on TLC. The mixture was then washed thrice with
5 mL portions of 5% HCI and water, and then
dried over anhydrous sodium sulphate. Evapora-
tion of solvent in vacuo, and recrystallisation of
residue from suitable solvent gave the product in
good yield. The purity of the corresponding free
peptide after the removal of Fmoc group by using
4-(aminomethyl)piperidine was checked by RP-
HPLC [Delta pack C-18 column (3.9 mm x 300
mm), flow rate : 1 mLimin; UV monitoring at 254
nm; eluant: H20 and acetonitrile (62%) containing
0.1% trifluoroacetic acid] and found to be >96%
pure.
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